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J3673 Summary 

The instrumentation and theoretical development for the 

study of electromagnetic wave propagation in magnetoplasmas has 

been completed. Data has been taken on polarization ellipses 

which have traversed the plasma. The appropriate transformation 

matrix has been experimentally determined. It has been used 

successfully to predict the behavior of the magnetoplasma. In 

order t0 accomplish this work a plasma has been successfully 

generated by a pulsed, r.f. generator in a magnetic field, and 

a phase locked circuit which enables the wave polarization 

ellipse to be displayed on an oscilloscope has been completed 

and brought into operating condition. Performance data has been 

taken on two Fresnel plate lenses designed to operate at 19.3Gc. 

Electron loss coefficients and electron temperature measure- 

ments have been analysed for an afterglow study of nitrogen gas. 

A mechanism for the recombination process is suggested. A 

microwave reflection technique has been applied to the study of 

nitrogen plasmas. A time of flight mass spectrometer for ion 

analysis in plasmas is under construction. An initial attempt 

to detect an electron beam-plasma interaction using the 

Rensselaer Linear Accelerator has been unsuccessful. A study 

of the harmonic content of the beam is being made. 
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Papers ,  Technical  Reports  and Conference P r e s e n t a t i o n s  

1. J .  E.  Rudzki, E .  H .  H o l t ,  " A  10 Kilogauss  A i r  Cooled 
Magnet f o r  Plasma Research," P lasma Research Laboratory,  
R . P . I . ,  TR no. 6 ,  January,  1963.' 

2.  W .  C .  T a f t ,  K .  C .  S t o t z ,  E .  H. H o l t ,  "A Gated Radiometer 
fsr  Plasma Afterglow Study," P lasma Research Laboratory,  
R . P . I . ,  TR no. 7., A p r i l  1963. Paper read  a t  t h e  I . E . E . B .  
I n t e r n a t i o n a l  Convention, New York, March 25-29, 1963 and 
t o  be publ i shed  i n  t h e  Conference Proceedings.  
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1. Electromagnetic Wave Propagation in Magnetoplasmas 

The theoretical and experimental preparations for 

this study have been completed. The transformation matrix 

which describes the interaction of the magnetoplasma medium 

on the propagating electromagnetic wave has been experimentally 

determined. It has been used to calculate the effects of the 

magnetoplasma on electromagnetic waves of various polarizations. 

The resulting predictions have been checked experimentally. 

Agreement of theory and experiment within the limits of the 

experimental accuracy is obtained. 

In order to accomplish this work the following prob- 

lems were solved during the period under review: 

A plasma was successfully generated in the presence 

of a strong magnetic field by a pulsed radio frequency power 

source; the phase locked circuit which enables the wave polar- 

ization ellipse to be displayed on an oscilloscope w a s  com- 

pleted and brought into operating condition; the microwave 

polarimeter circuit was calibrated. 

This study has been the topic of a Ph.D.,thesis by 

R. E. Haskell. The abstract reads as follows: 

"The change in the polarization of an electromagnetic 

wave resulting from passage through an anisotropic plasma is 

studied. A systematic technique for handling elliptically 

polarized waves based on the properties of the Poincare sphere 

is developed. A method of analyzing polarizations 

orthogonal elliptical polarizations is described. 

in terms of 

An analysis 
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of e lec t romagnet ic  wave propagat ion i n  a n i s o t r o p i c  plasmas i n  

t e r m s  of t h e  p r i n c i p a l  axes  is  c a r r i e d  o u t .  Express ions  which 

t e l l  how a wave of a r b i t r a r y  p o l a r i z a t i o n  w i l l  change as i t  

propagates  a long t h e  magnetic f i e l d  i n  an a n i s o t r o p i c  plasma 

are ob ta ined .  A new method f o r  determining t h e  t r ans fo rma t ion  

m a t r i x  of  a g iven  plasma from two p o l a r i z a t i o n  measurements 

is desc r ibed .  From t h e s e  measurements t h e  p o l a r i z a t i o n  t r a n s -  

forming p r o p e r t i e s  of t h e  plasma are completely s p e c i f i e d .  I n  

p a r t i c u l a r ,  t echniques  are descr ibed  which p r e d i c t  t h e  wave 

p o l a r i z a t i o n  which propagates  unchanged through t h e  plasma and 

t h e  wave p o l a r i z a t i o n  which propagates  wi th  maximum i n t e n s i t y .  

P o l a r i z a t i o n  experiments  involving t h e  free s p a c e  propagat ion  

of microwaves through a l abora to ry  plasma are desc r ibed .  The 

r e s u l t s  show t h a t  t h e  method leads t o  a c c u r a t e  p r e d i c t i o n s  of 

t h e  behavior  of e l ec t romagne t i c  waves i n  magnetoplasmas." 

This  work is  be ing  prepared f o r  submission as a 

t e c h n i c a l  r e p o r t  (no. 8 of t h e  Plasma Research Labora tory) .  

Some of t h e  work done i n  t h i s  area w i l l  now be desc r ibed .  

R . f .  Breakdown i n  a Magnetic F i e l d  

An a t tempt  w a s  made t o  form t h e  plasma i n d u c t i v e l y .  

The rf p u l s e s  were f e d  t o  a tank c i r c u i t  w i t h  t h e  energy coupled 

t o  t h e  plasma v e s s e l  i n  t h e  manner shown i n  F igu re  l a .  A t  res- 

onance t h e  large r f  c u r r e n t  flowing through t h e  c o i l  produces 

a large, a x i a l  r f  magnetic f i e l d  which induces  an azimuthal  

e lec t r ic  f i e l d  i n  t h e  v e s s e l .  This electric f i e l d  produces 

7 
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i o n i z a t i o n  and breakdown of t h e  gas. I n  t h e  absence of an ex- 

t e r n a l  magnetic f i e l d  a b r i g h t  plasma w a s  formed. However, 

when an e x t e r n a l  magnetic f i e l d  w a s  a p p l i e d  the  plasma w a s  con- 

f i n e d  almost e n t i r e l y  to  t h e  w a l l s  of t h e  v e s s e l .  The azi- 

muthal electric f i e l d  is s t r o n g e s t  nea r  t h e  w a l l s  of t h e  v e s s e l .  

I o n i z a t i o n  t h e r e f o r e  takes p l a c e  most r e a d i l y  nea r  t h e  w a l l s .  

The e f f e c t  of the  e x t e r n a l  magnetic f i e l d  is a p p a r e n t l y  t o  

p reven t  t hose  e l e c t r o n s  which are formed dear t h e  w a l l s  from 

r e a d i l y  moving across t h e  magnetic f i e l d  l i n e s  toward t h e  cen- 

t e r  of t h e  v e s s e l .  

An e l e c t r o d e  c o n f i g u r a t i o n  i n  which t h e  e lectr ic  

f i e l d  w a s  more a x i a l  would be expected t o  reduce t h e  effect  

of  t h e  e x t e r n a l  magnetic f i e l d  on t h e  i o n i z i n g  e l e c t r o n s .  The 

tank  c i r c u i t  whs t h e r e f o r e  modified s o  t h a t  t h e  rf energy w a s  

f ed  t o  t h e  plasma v e s s e l  by c a p a c i t i v e  electrodes. 

across t h e  c a p a c i t o r  i n  t h e  tank  c i r c u i t  w a s  4000 v o l t s  peak 

t o  peak. The f i r s t  e l e c t r o d e  geometry t r i e d  w a s  t h e  c a p a c i t i v e  

r i n g  c o n f i g u r a t i o n  shown i n  Figure l b .  A f a i r l y  uniform plasma 

w a s  formed i n  t h e  absence of an e x t e r n a l  magnetic f i e l d .  How- 

e v e r ,  when t h e  magnetic f i e l d  w a s  a p p l i e d  t h e  plasma w a s  a g a i n  

conf ined  t o  t h e  w a l l s  of t h e  v e s s e l .  The e lectr ic  f i e l d ,  al-  

though ax ia l ,  is s t i l l  s t r o n g e s t  n e a r  t h e  w a l l s  of the  v e s s e l  

and those e l e c t r o n s  produced t h e r e  are s t i l l  prevented  from 

moving e a s i l y  toward t h e  c e n t e r  of t h e  v e s s e l .  

The v o l t a g e  

Seve ra l  o t h e r  c o n f i g u r a t i o n s  were t r i e d  and s i m i l a r  

r a s u l t s  were ob ta ined .  F i n a l l y ,  t h e  c a p a c i t i v e  d i s k s  shown i n  

9 
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F i g u r e  IC produced s a t i s f a c t o r y  r e s u l t s .  When t h e  e x t e r n a l  

magnetic f i e l d  w a s  a p p l i e d  t h e  plasma became less dense i n  t h e  , 
c e n t e r  and w a s  the  b r i g h t e s t  i n  t h e  annu la r  r e g i o n  d i r e c t l y  

between t h e  two d i s k s .  

An i n t e r e s t i n g  f e a t u r e  of the p o l a r i z a t i o n  measure- 

ments is t h e  f a c t  t h a t  i n  many i n s t a n c e s  t h e  o u t p u t  ampli tude 

h a s  a g r e a t e r  i n t e n s i t y  than  t h e  i n p u t  ampli tude.  A probable  

exp lana t ion  of t h i s  phenomenon i s  t h e  focus ing  a c t i o n  of t h e  

dense annu la r  r eg ion  desc r ibed  above. I n  t h e  absence of a 

plasma t h e  s i g n a l  f r o m  t h e  microwave horn s p r e a d s  o u t  and only 

a p o r t i o n  of i t  is  rece ived .  However, when t h e  plasma is 

formed i n  t h e  magnetic f i e l d  a l e n s  a c t i o n  of t h e  type  shown 

i n  F i g u r e  I d  causes  the r ece ived  s i g n a l  t o  be larger than  t h e  

s i g n a l  r ece ived  i n  t h e  absence of t h e  plasma. 

Phase Locked C i r c u i t  f o r  P r e s e n t a t i o n  of t h e  P o l a r i z a t i o n  E l l i p s e  

The microwave c i r c u i t  u sed  i n  t h i s  s t u d y  is  shown 

i n  F i g u r e  2. Details of its o p e r a t i o n  and c a l i b r a t i o n  are 

g iven  i n  t h e  t e c h n i c a l  r e p o r t .  

A block diagram of t h e  r e c e i v i n g  s y s t e m  is shown i n  

F i g u r e  3. A s t a n d a r d  frequency of 100 kc is used t o  phase lock  

a 2 m c  o s c i l l a t o r .  This  2 m c  s i g n a l  is then  used t o  phase lock 

a 28 m c  o s c i l l a t o r  and a 30 m c  o s c i l l a t o r .  

The s i g n a l  f r o m  t h e  30 m c  o s c i l l a t o r  is compared wi th  

t h e  d i f f e r e n c e  frequency of the t w o  k l y s t r o n s .  The r e s u l t i n g  

error s i g n a l  is a p p l i e d  t o  t h e  r e f l e c t o r  v o l t a g e  of k l y s t r o n  
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K2 t o  keep the f r equenc ie s  of t h e  t w o  k l y s t r o n s  30 m c  a p a r t .  

The 30 m c  s i g n a l s  which are produced i n  Mixers 1, 

2 ,  3 ,  and 4 of t h e  microwave c i r c u i t  (F igure  2 )  are each ampli- 

f i e d  i n  s e p a r a t e  p re -ampl i f i e r s  and main a m p l i f i e r s .  The de- 
l 

tected o u t p u t s  of each of t h e  m a i n  a m p l i f i e r s  are f ed  t o  t w o  

d u a l - t r a c e  a m p l i f i e r s  i n  a dual-beam o s c i l l o s c o p e .  These s i g -  

n a l s  are used t o  measure t h e  p o l a r i z a t i o n  as a f u n c t i o n  of  t i m e  

i n  the plasma a f t e rg low.  

Tvo ampl i f i ed  undetected 30 m c  s i g n a l s  from Mixers 

1 and 2 are conver ted  t o  2 m c  s i g n a l s  by mixing each of them 

w i t h  t h e  phase locked 28 m c  o sc i l l a to r .  The r e l a t i v e  phase of 

t h e  t w o  28 tnc s i g n a l s  can be va r i ed  f o r  c a l i b r a t i o n  purposes  

by  means of s e p a r a t e  28 m c  phase s h i f t e r s .  The t w o  2 m c  s i g -  

n a l s ,  which are p r o p o r t i o n a l  t o  t h e  v e r t i c a l  and h o r i z o n t a l  

components of t h e  wave e n t e r i n g  the  p o l a r i m e t e r ,  are a p p l i e d  

t o  t h e  v e r t i c a l  and h o r i z o n t a l  p l a t e s  of an x-y  o s c i l l o s c o p e .  

The r e s u l t i n g  L i s sa jous  f i g u r e  is a v i s u a l  d i s p l a y  of t h e  polar -  

i z a t i o n  which is being measured. 

I t  is p o s s i b l e  t o  o b t a i n  a v i s u a l  d i s p l a y  of t h e  

p o l a r i z a t i o n  of t h e  wave which emerges from t h e  plasma a t  any 

p a r t i c u l a r  t i m e  i n  t h e  a f t e rg low by us ing  t h e  t iming sequence 

shown i n  F igu re  4. Sawtooth waves of nega t ive  s l o p e  and of 

16 m s e c  d u r a t i o n  are formed i n  the  Waveform Genera tor  1. Neg- 

a t i v e  p u l s e s  of 600 microsec width are genera ted  a t  t i m e  a by 

P u l s e  Genera tor  1. These pu l ses  have a r e p e t i t i o n  i n t e r v a l  

of 16  m s e c  and are used t o  pu l se  t h e  4 . 7  m c  rf g e n e r a t o r .  The 

13 
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plasma d i scha rge  is formed dur ing  t h e s e  600 microsec p u l s e s  

and then  decays i n  about  4 or 5 msec. 

Waveform Generator  2 is  t r i g g e r e d  from Waveform 

Generator  1 and produces sawtooth waves of nega t ive  s l o p e  whose 

d u r a t i o n  can be a d j u s t e d  t o  cover t h e  t i m e s  du r ing  which t h e  

plasma is decaying.  Negative pu l ses  of 100 microsec width are 

produced a t  t i m e  b (which is g r e a t e r  than t i m e  a )  by P u l s e  

Generator  2 and are used t o  i n t e n s i t y  modulate t h e  upper beam 

of Scope A .  A s  a r e s u l t  a b r i g h t  d o t  appears  a t  some t i m e  i n  

t h e  a f t e r g l o w  trace of  Scope A .  The d o t  can be made t o  appear  

a t  any t i m e  i n  t h e  a f t e rg low b y  varying t h e  de l ay  t i m e  b.  

A g a t e  from Pu l se  Generator  2 is used t o  tr igger 

P u l s e  Genera tor  3 which produces p o s i t i v e  p u l s e s  s i m i l a r  t o  

t h o s e  of Pu l se  Generator  2 .  These p u l s e s  are used t o  i n t e n s i t y  

modulate Scope B. Thus, a t  t h e  i n s t a n t  of t i m e  i n  t h e  a f t e r -  

glow i n d i c a t e d  by t h e  d o t  on Scope A, an e l l i p s e  appears iin 

Scope B which is a v i s u a l  d i s p l a y  of t h e  p o l a r i z a t i o n  of t h e  

wave emerging from t h e  plasma a t  t h a t  p a r t i c u l a r  t i m e  i n  t h e  

a f t e rg low.  

S ince  t h e  plasma is only produced a t  16  m s e c  i n t e r -  

v a l s ,  ano the r  e l l i p s e  (of normal i n t e n s i t y )  is also d i sp layed  

on Scope B. This  e l l i p s e  r e p r e s e n t s  t h e  p o l a r i z a t i o n  of t h e  

microwave s i g n a l  i n  t h e  absence of a plasma. Thus, u s ing  t h i s  

t echn ique ,  Scope B d i s p l a y s  s imultaneously t h e  P o l a r i z a t i o n  of 

t h e  wave which e n t e r s  t h e  plasma and t h e  p o l a r i z a t i o n  of t h e  

wave which emerges from a given a n i s o t r o p i c  plasma. 

15 
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F r e s n e l  P l a t e s  f o r  Product ion  of Beams of Elec t romagnet ic  Waves 

Two 22 inch  d iameter  F resne l  p l a t e s  for o p e r a t i o n  a t  

a frequency of 19 .3  G c  have been tested.  Both p l a t e s  have a 

f o c a l  l e n g t h  of 12  inches .  A fo lded  zone d e s i g n  w a 6  made o u t  

of p l e x i g l a s s .  A c o n c e n t r i c  r i n g  des ign  w a s  made by f i x i n g  

aluminum f o i l  r i n g s  t o  a p l e x i g l a s s  disc .  The beam widths  of  

bo th  p l a t e s  agreed w e l l  w i th  t h e  c a l c u l a t e d  v a l u e  of 1 .8  de- 

g r e e s .  The c o n c e n t r i c  r i n g  design has  a g a i n  which is 8.5db 

g r e a t e r  t han  t h e  g a i n  of t h e  fo lded  zone d e s i g n .  The ca l cu -  

lated f i g u r e  w a s  10db. 

Th i s  work is t h e  s u b j e c t  of an M.E.E. t h e s i s  by 

R.  A.  Bitzer.  I t  is being prepared as a t e c h n i c a l  r e p o r t  

(no,  10 of  t h e  Plasma Research Laboratory) .  The abs  

as fo l lows :  

"When t h e  e l e c t r o n  dens i  

f requency  of the m i c r w e  probing 

creased. A u s u a l  m e t  F 

f a b r i c a t e  a ce l l  ins i  

forms a part  of t h e  m 

d e n s i t y  are t o  be studied, then t h  

t echn ique  becomes less because the  size of t h e  wav 

comes v e r y  s m a l l .  1 
I 

T h i s  paper  d i s c u s s e s  the  p o s s i b i l i t y  of 

sys tem f o r  probing t h e  plasma. Such a s y s t e m  would e l low a 

good sized c e l l  t o  be used and the  assumption t h a t  a p l ane  wave 

is propagated  through t h e  plasma. The l a t t e r  assumption would 

16 
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s i m p l i f y  t h e  c a l c u l a t i o n s  of e lec t romagnet ic  wave i n t e r a c t i o n  

wi th  t h e  plasma. 

Based on t h e  requirements dictated by ou r  exper i -  

mental  appa ra tus  t o  measure Faraday r o t a t i o n  of an electro- 

magnetic wave i n  a plasma, certain types  of l e n s e s  were chosen. 

The l e n s e s  chosen are t h e  dielectric l e n s  and t h e  F r e s n e l  ha l f -  

pe r iod  zone p l a t e .  T e s t s  were conducted on these l e n s e s  and 

the  r e s u l t s  are stated.  Using these r e s u l t s ,  a l e n s  s y s t e m  

can  be used on K band (20 G c . ) ,  but bet ter  u s e  of t he  s y s t e m  

can be made i n  t he  m i l l i m e t e r  wavelength r eg ion . "  

2.  Afterglow Study i n  Nitrogen 

T h i s  work is the s u b j e c t  of a Ph.D. thesis  by 

K. C. Stotz .  The abstract is  as follows: 

llThe n i t r o g e n  afterglow has been s t u d i e d  us ing  the 

microwavg Cransmission technique as a basic d i a g n o s t i c  tool. 

A concerted effor t  has been made to s i m p l i f y  t h e  exper imenta l  

c o n d i t i o n s  i n  order t o  remove some of t h e  ques t ionab le  assump- 

tions made i n  p rev ious  t ransmiss ion  method experiments .  A 

plasma cel l  has  been developed which c o n s i s t s  e s s e n t i a l l y  of 

a l e n g t h  of s t a n d a r d  waveguide, so t h a t  a s imple  r e c t a n g u l a r  

shape  w i t h  wel l -def ined  boundaries is ob ta ined  for  t h e  micro- 

wave-plasma i n t e r a c t i o n .  A microwave b r i d g e  c i r c u i t  is used 

s o  t h a t  s imultaneous measurements of t h e  a t t e n u a t i o n  and phase 

s h i f t  of the  microwave s i g n a l  pass ing  through t h e  plasma are 

o b t a i n e d .  A ga ted  microwave radiometer w a s  developed and used 
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to measure the electron temperature variation in the afterglow. 

A spectroscopic study of the afterglow was made and a method 

for studying the light intensity as a function of time is dis- 

cussed. By this variety of techniques, previous results ob- 

tained by using the microwave transmission method alone are 

~ shown to be in error, and results of the present experiment are 

I shown to be in agreement with microwave cavity measurements. 
1 

The ambipolar diffusion coefficient times pressure obtained for 

nitrogen is, Dap 

range 0.2 to 4.5 Torr at room temperature. This corresponds 

to a mobility at O°C, 760 Torr of 2.85 cm2 sec-’ volt-’. 

2 123 - 24 cm Torr  sec-’ in the pressure 

The 
I 

1 recombination coefficient increases with pressure from 

4 x cm3 sec-’ at 0.25 Torr to 6 . 8  x cm3 sec” at 7.1 

Torr. The recombination mechanism is attributed to the dis- 

sociative recombination of the N4 ion, although the three- 

body recomgination of the N2 ion may play a significant role. 

The temperature measurements have indicated a source of energy 

in the early afterglow which has been attributed to the presence 

of metastable molecules. 

This work is being prepared for submission as a 

I technical report (no. 9 of the Plasma Research Laboratory). 

18 
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Microwave R e f l e c t i o n  Method for t h e  Study of Dense Plasmas 

S ince  low l e v e l  microwave t r ansmiss ion  methods are 
I 
I not  g e n e r a l l y  u s e f u l  i n  o b t a i n i n g  informat ion  about dense p l a s -  

I mas a method f o r  o b t a i n i n g  information is under i n v e s t i g a t i o n  

whereby t h e  r e f l e c t e d  s i g n a l  f r o m  t h e  plasma is  analyzed.  

The X-Band Plasma C e l l  de sc r ibed  i n  S t a t u s  Report 

no. 3 is used. The microwave c i r c u i t  is shown i n  F igu re  5. 

Outputs  A and B are d e t e c t e d  by c rys ta l  d e t e c t o r s  

and d i sp layed  on a d u a l  trace o s c i l l o s c o p e .  The traces g i v e  

a t i m e  d i s p l a y  of o u t p u t s  A and B from t h e  t i m e  t h e  c e l l  is 

pulsed  u n t i l  l a te  i n  t h e  a f te rg low.  S ince  t h e  r e f l e c t i o n  co- 

e f f i c i e n t  is a f u n c t i o n  of t h e  r a t i o  of A/B w e  can f i n d  t h e  

r e f l e c t i o n  c o e f f i c i e n t  as a func t ion  of t i m e .  

Assuming a uniform d i s t r i b u t i o n  of t h e  plasma d e n s i t y  

i n  t h e  ce l l ,  parallel boundaries  and on ly  cons ide r ing  t h e  first 

r e f l e c t i o n  from s u r f a c e  (2) a t  s u r f a c e  (1) (F igure  6 ) ,  i t  can  

be shown tha t ,  fo r  t h e  TEol mode, 

19 
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Figure 5 .  Reflection Messurememts - Microwme Circuit. 

Figure 6. Reflection Measurements - Plasma Geometry. 
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The s u b s c r i p t  z e r o  denotes  va lues  f o r  free space .  

m/xn 5 o p e r a t i n g  frequency 

T h i s  permi ts  e v a l u a t i o n  of  t h e  c o l l i s i o n  frequency 3 W, and 

e l e c t r o n  d e n s i t y  %e. 

A somewhat s imilar  method f o r  i n v e s t i g a t i o n  of uni-  

f o r m  dense plasmas by microwave r e f l e c t i o n  has  been r epor t ed  

by; T. Tsukishima and S. Takeda i n  The Journa l  of Applied 

Phys ic s ,  Vol. 33, No. 11, 3290-3291 of Nqvember 1962 i n  a 

paper  e n t i t l e d  "Microwave Ref l ec t ion  By Uniform Dense Plasmas." 

The a u t h o r s  used a c e l l  s i m i l a r  to  t h a t  used h e r e  bu t  t h e  micro- 

wave c i r c u i t  used s t a n d i n g  wave i n d i c a t o r s  f o r  c a l c u l a t i n g  t h e  

r e f l e c t i o n  c o e f f i c i e n t .  The au tho r s  r e p o r t e d  measuring e l e c t r o n  

d e n s i  t ie  0l3 t o  3 x 10 cm i n  argon gas at  

a p r e s s u r e  of 0 . 5  torr. 

11 -3 

In our work data has been taken  i n  nitrogen gas i n  

t h e  p r e s s u r e  range 0.5 - 1 . 2  torr .  I t  is p r e s e n t l y  be ing  

eva lua ted .  
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Time of F l i g h t  Mass Spectrometer f o r  Afterglow Analysis  

An ins t rument  s p e c i a l l y  s u i t e d  t o  t h e  a n a l y s i s  of 

plasma a f t e rg lows  has  been designed and is under c o n s t r u c t i o n .  

The d r i f t  tube  is shown i n  F igu re  7 .  A block diagram of t h e  

complete s y s t e m  is shown i n  F igure  8 .  

This  work is t h e  s u b j e c t  of a B.E.E.  t h e s i s  by 

J .  J .  S i r o t a  e n t i t l e d ,  "Design of a Time of F l i g h t  Mass Spec- 

trometer." 

3. E l e c t r o n  Beam-Plasma I n t e r a c t i o n  
~~ ~ 

An i n i t i a l  a t t empt  to  detect  e l ec t romagne t i c  waves 

o u t s i d e  a plasma v e s s e l ,  when bunches of  r e l a t i v i s t i c  elec- 

t r o n s  were t r a v e r s i n g  t h e  plasma, w a s  unsuccess fu l .  A s tudy  

is be ing  made of t h e  harmonic con ten t  of t h e  Linear  Accelerator 

beam which was used.  

4.  Disbursement of Funds 

A s e p a r a t e  r e p o r t  is submit ted by t h e  Compt ro l l e r ' s  

o f f i c e .  
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5 .  

1. 

2. 

3. 

4 .  

5. 

6. 

7. 

8. 

9 .  

10. 

Personnel 

Name Position 

Professional Personnel 

E. H. Holt Associate Professor 
Senior Investigator 

K. C. Stotz Assistant Professor 

W. C. Taft Instructor 

R. E. Browne Research Assistant 

J. Mendell Graduate Assistant 

R. E. Haskell Graduate Student 

Percent Time 

R. A. Bitzer Graduate Assistant 25 "erminated 
Jan.25,1963 

D. A. Huchital Graduate Student (20) 

W. C. Schwartz Graduate Student (20) 

J. J. Sirota" Undergraduate Student (20) 

Figures in brackets indicate participation without charge 
to the grant. 

*National Science Foundation Undergraduate Research Participant 

Support Personnel 

H. Struss Research Assistant 50 
(model shop) 

J. Wright Electronic Technician 50 

Mrs. M. Santerre Typist 75 

R. @inn Student Technician 25 
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6. Program for the Period May 1 - October 31, 1963 

A comprehensive series of measurements of electro- 

magnetic wave polarizations in finite anisotropic plasmas will 

be made. 

Work will continue on the afterglow studies with 

attention paid to the effect of input pulse energy, measure- 

ments of reflection coefficients and studies of electron gas 

temperature relaxation. 

Analysis of the harmonic content of the linear accel- 

erator beam will be made with a view to establishing valid can- 

ditions for further measurements of beam-plasma interactions. 


